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Sample Size and Statistical Considerations  
for the Estimation of American Shad (Alosa 
sapidissima) Upstream Passage Efficiency at 
the York Haven Hydroelectric Project 
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Restoration Goal: 
2 Million Adult Shad Above York Haven Dam 
Seine haul – mouth of Susquehanna River, late 1800’s 
 
Fish Passage 
Current 
• 1991 Conowingo – lift 
• 1997 Safe Harbor – lift 
• 1997 Holtwood – lift 
• 2000 York Haven – ladder 
 
 York Haven Fish Ladder 
Earlier Efforts 
• 1982-2000 
Trap and Transport of shad from 
Conowingo to above York Haven  
• 1985-1996 > 200,000 shad 
• 1997-2000 Phased-out 
 
Conowingo Dam 
Susquehanna River  
American Shad Passage 1997-2011 
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USGS Harrisburg Gage Annual Flow Duration Curve 
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• How many fish must be tagged? 
 
• How many seasons must the study be repeated? 
 
Provide a “statistically valid” estimate of the 
passage efficiency* of American shad at the 
York Haven fish ladder. 
 
*Passage Efficiency Rate (PER) =  
number passing divided by the number desiring to pass. 
 
Robson and Regier (1964)* suggest the following standards (α = 0.05): 
 
±50% for preliminary studies 
 
±25% for management studies 
 
±10% for careful research studies 
* Robson, D.S. and H.A. Regier (1964). Sample size in Petersen mark-
recapture experiments. Trans. Amer. Fish. Soc., 93:215-226. 
But what is, “statistically valid?” 
N vs C.I. Width with C.L.=0.95 P=0.080 C.I. One
Proportion
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Numeric Results for Two-Sided Confidence Intervals for One Proportion 
Confidence Interval Formula: Exact (Clopper-Pearson) 
 Sample       
Confidence Size Target Actual Proportion Lower Upper Width if 
Level (N) Width Width (P) Limit Limit P = 0.5 
0.950 11510 0.010 0.010 0.080 0.075 0.085 0.018 
0.950 2928 0.020 0.020 0.080 0.070 0.090 0.037 
0.950 1323 0.030 0.030 0.080 0.066 0.096 0.055 
0.950 757 0.040 0.040 0.080 0.062 0.102 0.072 
0.950 492 0.050 0.050 0.080 0.058 0.108 0.090 
0.950 348 0.060 0.060 0.080 0.054 0.114 0.108 
0.950 259 0.070 0.070 0.080 0.050 0.120 0.125 
0.950 202 0.080 0.080 0.080 0.047 0.126 0.142 
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± CI % N 
6.25 11510 
12.50 2928 
18.75 1323 
25.00 757 
31.25 492 
37.50 348 
43.75 259 
50.00 202 
Simple Problem? PR= PYH/PSH 
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PYH = 0.001352 × PSH
1.4369   n = 10;  r2 = 0.888 
k = k+1 
Summarize Results and Print 
YES 
NO 
YES 
NO 
NO 
Store calculated probability 
from regression model 
Is k > 
1000? 
Is i > N 
Years? 
Is j > N 
Tags? 
Select, with Replacement, 
Random Record from Table 
1 with Replacement 
Duplicate and Store the 
ith Record 
j = j+1 
i = i+1 
2 
1 
YES 
Bootstrap Analysis 
Year PSH 
1997 20,828 
1998 6,054 
1999 34,150 
2000 21,079 
2001 89,816 
2002 11,705 
2003 16,646 
2004 2,109 
2005 24,425 
2006 24,929 
2007 7.215 
2008 1,252 
2009 7,994 
Randomly Select Number 
Passing at Safe Harbor (PSH) 
95% CI = exp(2.86674 – 0.76631 x ln(Years) – 0.54159 x ln(Tags), R2 = 0.968 
Design Annual 
N 
Total N for  
± 25% CI 
Binomial 757 757 
3 years 544 1631 
4 years 362 1447 
5 years 264 1319 
6 years 204 1223 
7 years 164 1147 
8 years 136 1086 
9 years 115 1034 
10 years 99 990 
Incorrect, does not 
account for year-to-
year variation in 
YH/SH. 
Increasing penalty 
for fewer years 
sampled. 
Sample Size Increase  
Resulting from Year-to-Year Variation 
• Demonstrated a significant relationship between the number 
of shad passing Safe Harbor and the number passing York 
Haven  
 
• Probability of passage at York Haven (YH/SH) increases with 
number of shad passing Safe Harbor……density-dependent 
passage efficiency…..??? 
 
• Substantial increase in sample size needed to account for 
year-to-year variation with penalty for decreasing study years 
 
• Able to successfully propose and support “statistically valid” 
study design 
 
• Able to put short term results available during the FERC 
regulatory timeframe into proper statistical context 
 
Findings 
QUESTIONS? 
